Page: The surgery of amputations, although it represents the oldest branch of the subject, remained somewhat academical in its teaching until the experience of the Great War forced its practical aspects upon the profession. Its 50,000 amput6s in this country and corresponding numbers in other belligerent nations have provided a stimulus alike to the surgeon and the limb maker, and many views based on this experience traverse the pre-war teaching on the subject. A useful handbook was produced during the war by Martin Huggins, and in 1921 Mr. Muirhead Little, who for many years worked at Roehampton, wrote a monograph which represented authoritatively the conclusions which had been formed up to that time. In the intervening post-war period, experience of unsatisfactory stumps and of limb-fitting in general has further crystallized our views on certain practical points. It is with a view to defining this attitude that this discussion has been arranged. As opener I propose to indicate what I believe to be the attitude of the surgeon to his side of the problem. Those who follow me have been in closer touch with the subject, and have far greater specialized knowledge. Their experience of faulty stumps and the problem of limb fitting in general entitles them to the atteDtion due to the expert. Their conclusions should, I think, be of material assistance to the practical surgeon.
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It will make a clear presentation of the subject simpler if the discussion is restricted to the technique and treatment of amputations in which the factor of sepsis is not present or only in a subsidiary form. I propose to state the surgeon's view of the problem in outline; Mr. Verrall will deal with some points in the technique of primary amputations and the operation for painful stumps. Dr. Kelham and Captain Maxwell will then present their evidence and views from the point of view of limb fitting and stump function.
The general aims which govern the technique of any final major amputation in either limb and at any level may be stated to be:
(1) That the stump sbould provide a lever of sufficient length and power for the attachment of an artificial limb suited to the level of the amputation.
(2) That it should be covered closely by healthy, well-nourished skin or scar, both of which should be mobile on the deeper structures.
(3) That no part of the stump should be tender on pressure or abnormally sensitive. The first question that will arise in the individual case is the level of bone section which will give the most useful stump under the circumstances. In the lower extremity I think amputations may be considered under three headings: the Syme, the below-knee type, and the above-knee type.
The Syme stump is essentially an end-bearing one, and retains a considerable popularity both in practice and as an examination gambit. During the late war amputation of this type was entirely condemned in septic cases, and it is of importance to decide how far it is of value in civil work. The conclusions of those who have seen a large number of these cases is that it is an amputation to be condemned, as a large proportion fail to bear the test of time, and in any case can only be fitted with a clumsy prosthesis. For myself, I must admit that I have seen a good many Syme's stumps which have been giving good service. At the same Proceedings ot the Royal Society of Medicine 74 time I have been called upon to re-amputate quite a large number which, for no very obvious reason, were painful and of no functional value.
The below-knee amputation comes next. This amputation gives a most satisfactory stump if six or seven inches of tibia can be left. Control of the knee can be obtained with as little as four inches. The prosthesis bearing should be taken from the bony prominences below the knee. If more than seven inches of bone is left, the skin covering is improperly nourished and the stump will almost surely ulcerate or develop eczema. It is common ground that the fibula should be cut one inch above the level of the tibial section, and I think it is quite a good thing in short stumps to take the fibula out altogether, as the head of the bone often causes an awkward friction area when an artificial limb is fitted.
For above-knee amputations it would appear that section of the femur, from four to six inches above the level of the knee-joint, gives the best functional results. Amputations through the knee-joint are obviously unsatisfactory, but it is interesting to note that the Stokes-Gritti amputation is popular in America, Canada and Grermany. I do not think it has been very widely tried in this country, and the artificial limb makers have not made much attempt to accommodate it. The general experience in Pensions Hospitals has been that an end-bearing thigh stump gives trouble sooner or later and that the ideal is, as stated above, a stump containing from ten to twelve inches of femur, to which an ischial bearing prosthesis is fitted. Amputations of the thigh at a higher level can often satisfactorily control an artificial limb up to a length of four inches from the great trochanter. If less bone than this is available it is better to resect the femur at its neck, leaving the head of the bone in the acetabulum. This gives a stump to which it is easier to fit the tilting table prosthesis than when two or three inches of femur have been left in.
The subject of the level of useful amputations in the upper extremity can be stated somewhat similarly to that of the lower, but I have not any strong convictions on the subject itself, and I will leave Captain Maxwell to make the position clear.
The points in technique which seem to give the best results in the conduct of any amputation may be considered in relation to flap cutting, the bone section and nerve end treatment.
In this country it is generally agreed that the end of the bone in an amputation stump should be covered by skin only. Flaps should be so cut that their nutrition and innervation are preserved as far as possible. To this end some muscle and fascia should be included in the base of the flap. It is clear that the shorter the flaps are, the better is the irnutrition, and, in general, I think the skin may be cut as in a circular or elliptic amputation, short side cuts being made as necessary. At any rate all long flaps should be suspect, and, as far as possible, avoided. The scar uniting the flaps should come on the posterior aspect of the stump in the lower extremity ; in the upper it should lie approximately central or terminal. In designing the flaps their total lengths should not much exceed the diameter of the limb at the level of bone section. Redundant loose covering of the stump, especially in fat individuals, and in the thigh, is a great handicap to the successful fitting of the prosthesis.
I notice that in America the suture of muscles, fascia and tendon over the end of the stump is still advocated. I doubt if it has any value in the stump. Muscle in any case wastes away and there is a risk of adhesions between muscles and skin if the practice is carried out. This gives a terminal scar, which is moved by muscle contractions. This condition is liable to lead to development of friction sores when a prosthesis is worn.
A good deal of attention has been devoted to the exact method of cutting through the bone, the main aim being to prevent spur formation. I think the importance of this condition has been over-emphasized, as many perfectly satisfactory stumps show 75 Section of Su?rqery 1309 the existence of considerable spur development. Whatever its practical importance, I think that spur formation is due to a tearing up of the periosteum at the time of section, or to the extrusion of marrow containing bone-forming cells. This can be prevented by dividing the periosteum about half an inch above the proposed line of bone section and scraping it down the shaft. The saw cut is then made through a bone denuded of periosteum. It is thought that curetting out the bone marrow for a distance of 1 or 2 cm. from the cut end, after the method of Bunge [l], also minimizes the likelihood of irregular bone formation and of subsequent tenderness. I think that if the marrow cavity is plugged with bone wax it is equally effective, but I believe Mr. Verrall has some evidence on this point.
Attempts to cover the cut ends of the bone with an autogenous or pedicled graft, as in the Pirogoff, Stokes-Gritti amputation and Biers [2] [3] osteoplastic procedure, have not been popular in this country. The aim of such amputations is to produce an end-bearing stump. As stated above, this type of stump has not found favour with those fitting limbs in this country, and, undoubtedly, if the primary amputation fails of complete success a secondary operation is almost always necessary.
The treatment of the cut nerves is important. I think that the general experience is that no procedure hitlherto adopted will prevent formation of an end bulb. End bulbs may be large but insensitive, and no material handicap in the use of an artificial limb. Those which subsequently give most trouble are often formed in the smaller cutaneous branches. It is certainly desirable that the stump of the nerve should not be attached to the scar, nor should it lie where it may be pressed on by the prosthesis, but I do not think that the pulling down of the larger nerves and their section very high up has been satisfactory in practice. I have often observed severe post-operative pain, which seems to be attributable to the trauma of the nerve trunk. I think the best treatment is to crush and cut all recognizable nerves an inclh or so away from the level of the bone section ; this is followed by an injection of absolute alcohol into its stump. The latter procedure at any rate prevents the origination of painful impulses from the area removed. Freedom from pain following operation is important; this is the time when the patient's nervous system is most sensitive, and such impressions are liable to initiate the development of a sensitive or jactitating stump.
In the class of amputation under consideration careful suture of the flaps will naturally be carried out. As a general rule, drainage for twenty-four or forty-eight hours is advisable. The development of a haematoma in the early stage is most undesirable, and will not only interfere with the nutrition of the skln, but is liable to be followed by low-grade suppuration. I notice, however, that Wilson [4] , in a recent American publication, strongly advocates no drainage, a view which is also taken by Mr. Verrall.
In this brief outline the views I have expressed apply to stumps which are expected to be final in character, the amputation having been carried out in such a way or at such a time that gross suppuration was avoided. I will not refer now to the question of amputations in the presence of sepsis except to note that such stumps are more often painful or tender than in clean cases.
The full function of the stump depends upon its normal position being maintained during the period of convalescence and on the maintenance of its musculature in good condition. It is unnecessary to emphasize these two points at the present time; the importance of avoiding post-operative joint contracture is well understood and the use of early temporary pylons is common. A certain number of painful and unsatisfactory stumps seems always to be with us, and the treatment of these is a nrohlAm whiich has to hp faced.
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[1] BUNGEi, R., Dentscih. medl. Woch., 1899, xxv, 353, 375. [2] BIER, A., Verhandl. der the Syme amputation. My first acquaintance with it occurred in the East. It is an admirable operation for the native, because he has no opportunity for wearing an artificial limb. But in Europe, where artificial limb-making is so good, we have found that the Syme stumps will stand for six or seven years and then begin to go wrong: the end becomes displaced posteriorly or to one side. So I have given up the Syme amputation; though it is good theoretically, it is not so in practice. From this discussion we are leaving out all emergency and unusual operations.
The level at which one divides the bone and the flaps one makes will be determined largely by any scars present. I have had models made in which I have marked out the type of flaps which I consider ideal. I do not like a posterior scar in a below-knee amputation.
I have always used the postero-external flap, making an anterior incision, passing across the bevelled front edge of the tibia. After a time that scar will descend about half an inch or an inch below the bevel. I have here a cast of a satisfactory below-knee amputation which shows the position which the scar subsequently assumes.
Through the femur I use an anterior flap with a short posterior flap. I do not treat the periosteum in any special way, but divide it on a level with the bone. The usual spur on the femur is postero-internal, and if one makes a short posterior flap and a short anterior flap, the situation of the subsequent scar will be across the possible site of formation of this postero-internal spur, but if a longer anterior flap is made the scar will be further back, and will be above the posterointernal spur. I think spurs are unimportant, except when they are directly underneath the scar.
With regard to drainage: for years I used drainage at Roehampton and other places, and also in my civil surgery, but in the past year I have given it up. If in any particular case I am doubtful about it, I stitch the wound with spaced interrupted sutures, especially in the case of thigh stumps.
Splinting of the knee for below-knee amputation is very important. The stumps in my cases are not usually dressed until the fourth day after operation. If a haematoma forms it is usually a small one, and it becomes absorbed. A large hematoma may occur, and then, of course, it is necessary to evacuate it. After evacuation, the wound is resutured, and the result is satisfactory. The cases in which h.ematoma are liable to occur are those in which, when the tourniquet is removed on the operating table, the bleeding is notably small. These cases are likely to give trouble from bleeding later on.
An important point in treatment is that in all the cases of amputations it is essential that the patients should remain in bed three weeks.
With regard to nerve-ends, I treat them in the same way as Mr. Max Page does. I do not pull them down much, and still less do I avulse them. We have heard of cases of avulsion of nerve which have ended tragically. I quite agree that it is important to have a minimum of trauma. The situation of the nerve-bulb which will subsequently form must be considered in conjunction with the limb-fitting surgeon.
A hip amputation means an amputation which is situate from a pointjust below the small trochanter to the joint itself, depending on how much tissue there is in the buttock. In the case of a person who is a mere skeleton one can amputate through the neck of the femur. For a stout person it is well to cut lower, in order to leave a skeleton for the stump. If an anterior inoision be made, dividing the femoral artery in the front and using purely gluteal flaps, the best situation for the sciatic nerve-bulb is an unshortened one, because if it is shortened the patient will sit on the nerve-bulb. If it is left at the end of the flap the patient will be sitting on the trunk of the nerve. Alternatively it can be cut off at the sciatic notch. Section of Surgery 1311 I condemn the use of pylons for below-knee amputations. In favour of the use of pylons in these cases it is said that the patient has early orientation in walking, and that the fitting of a pylon will save money, because less fitting is afterwards required. But against that is the fact that a patient walking on a plaster pylon has an unnatural gait, and sores are very liable to form.
For above-knee amputations the pylon is valuable, because it causes shrinking of the stump by economical means to the size needed for the fitting of an artificial limb.
One of the causes of an unsatisfactory stump is to be found in the condition of the circulation. This difficulty is generally due to the stumps being too long, as we have already been told by Mr. Max Page. With regard to nerve bulbs, I agree with Mr. Max Page that the ones most likely to be troublesome after amputations carried out by a competent surgeon are the cutaneous ones. And the worst are those of the communicans fibularis coming down the leg, and the internal saphenous in the thigh, nerves which are not thought of during the operation because they do not usually give much trouble afterwards. The trouble is either very little or a good deal.
Next a word as to burse forming on the stump. My advice is that they should be left alone. If the bursa is cut out a scar is produced and is likely to be rubbed and to cAuse a sore. You can only send such a case back to the limb-fitting surgeon and tell him to do better next time. With regard to sebaceous adenomata: If these must be dealt with surgically, an extensive resection of the skin should be carried out and the whole area removed. I find, however, that the use of white precipitate ointment will obviate a good deal of surgery. Adherent scars on the end of bones constitute a troublesome condition, and an endeavour should be made to avoid it. They should not be put over spurs. If the scars are adherent, massage will free them; and gentle attention with a tenotome to free the scar from the underlying tissues may help the masseur.
With regard to unsatisfactory arm stumps, I can only speak from my own experience and that of my colleagues at Queen Mary's Hospital, Roehampton. I advise against tinkering with the nerve-bulbs afterwards. They should not be removed indiscriminately but only when the patient complains that they are tender. I advise emphatically against removing the plexus, and, still more so, against interference with posterior nerve roots.
With regard to the upper limb, we have to bear in mind that this is a sense organ to a certain extent, and the cause of most of the pain in arm stumps is of central origin. The cortex of the brain can be compared with a racing motor engine. When the sensation is cut off, the cells of the brain are hard up for something to do. It is therefore important to get the patient fitted with an artificial limb as soon as possible, and give him something definite to do.
As to "'shivering stumps " in the upper extremity, some say it is advisable to disarticulate at the shoulder-joint, but our experience is against that procedure.
Having dealt with the median and ulnar nerves in the forearm we sometimes find tender ends in the radius and ulna. It is good practice in dealing with these to strip back the periosteum, dig ouit the medulla, and smooth the ends of the bones, making them as neat as ponible, having previously dealt with the nerves.
Mr. R. D. Langdale Kelham: The point I wish to put before you is the necessity of a closer cooperation between the medical man and the limb maker, and for a greater knowledge on the part of the medical man as to what constitutes a satisfactory artificial limb. The study of artificial limbs belongs to both Surgery and Mechanics, and they cannot and should not be separate. The medical man should be in a position to know what type of fitting is best suited to his patient, and whether his instructions to the manufacturer have been properly carried out so that his patient has received the best possible prosthesis and is able to make the best use of it. The responsibility for all this in the past has been thrown entirely upon the limbmaker. The limb-maker's knowledge must of necessity be great, but when he fails it is often because of an understandable lack of scientific knowledge and thus the patient may be incorrectly fitted or supplied with an unsuitable type of limb. Many patients suffer discomfort which is quite avoidable if further co-operation beuween the medical man and the limb maker can be obtained. Most of the Governments of the belligerent powers in the Great War caused a number of medical men to be trained in the science of artificial limb fitting, with the result that the war ampute has benefited: his chance of returning in a large number of cases to his pre-war occupation has been rendered almost certain and artificial limbs in general have been vastly improved, owing to the close co-operation at Roehampton between Mr. Verrall, Consulting and Operating Surgeon, and those of us concerned in the fitting of the artificial prosthesis. The knowledge gained and the improvements made are still largely confined to the benefit of the war amput6. Can the civil population not also benefit ? There are many firms manufacturing artificial limbs in this country, differing from one another widely or in detail in matters of design. Most of them can manufacture any type of artificial limb required, but undoubtedly there are some firms who, through their vast experience and specialization in some particular type, are able to manufacture and fit certain types better than others. It is impossible here to designate the various differences and qualities of limbs available. I can only give a rough general idea of the various points involved.
The methods of classifying artificial limbs for amputations of the lower extremity are many and varied.
I will divide the subject into two main headings: (1) Limbs for above-knee amputations, and (2) Limbs for below-knee stumps.
(1) Amputtations above the Knee.-For this amputation limbs may be classified under the methods by which they are controlled by the wearer, the two main groups being the (a) central knee control or American type, and (b) the type which demands the use of a special form of pelvic band.
When speaking of an ordinary above-knee limb, I refer to one normally supplied for an average stump. This is one which measures ten to twelve inches from the tip of the great trochanter, and is, from the patient's and our point of view, the ideal stump. Length alone, however, is not a very reliable guide, as will be shown later, but a stump of this length, if otherwise normal, is capable of actuating and controlling a limb with no support other than the means by which it is suspended to the body.
For this stump a limb either of the first or second type may be suitable but factors other than length will decide which should be used for a given case.
Briefly, the first, or American type, is one controlled by rawhide cords running through a roller in the knee-piece of the limb, the roller being set eccentrically. The roller cords are attached to suspenders passing over each shoulder, and, by bracing the shoulders, an eccentric pull is exerted, resulting in extension of the limb at the knee. This is the usual type, but there are several modifications of it, all of which depend to a greater or lesser degree on sbci.lder movement. With such the stump is not necessarily called upon to exert itself, and so it is useful in cases in which proper use of the stump cannot be made. In this type of limb the knee-joint is of the free swing kind and may be of the ball-bearing variety.
The second type, on the other hand, has a knee-joint which is not, in the same sense, free, being of the friction variety. The stump's muscular power is necessary to actuate the limb. The precise amount of friction, and therefore of muscular power on the stump's part, can be adjusted in accordance with the needs of the case.
This type of knee-action is designed to be used with the special pelvic band of the swivel variety.
The band is attached to the socket of the limb in such a way that flexion, extension, adduction and abduction of the stump are permitted, and controlled, without stump's position in the socket being altered. In addition, rotation of the pelvis a whole is permissible. The function of this band is to suspend, control and support, this order being given intentionally, to indicate the value of its particular functions. With this band a single brace over one shoulder is all that is required and frequently this can be dispensed with.
The advantages, therefore, are (1) freedom from shoulder suspension, (2) nothing to restrict the chest shoulder movements, control of the limb, coupled with a definite tendency to production of increased muscular development of the stump.
The indication for the prescribing of one or other of these two types is apparent from this and other factors.
The main principle of the fitting of both types is that the weight the patient should be borne upon the tuber ischii, the socket being so shaped and fitted as to produce this result.
In either type the consists of a socket, a knee portion, with its contained mechanism, a shin portion and a foot, and in the second type a special pelvic band is added.
These limbs-with the exception of those of the second type, which are all of metal-may be constructed of wood throughout, or of metal with a wooden socket, and possibly knee-piece, or a certalmid socket, or metal socket, the type to be prescribed for a given case depending upon the surgical nature of the case and the patient's financial status. There are other types of above-knee limbs, but I will mention only one, which is a wooden limb having the knee-and ankle-joints constructed on the "tenon and mortise" principle, andknown as the "Anglesey limb," so named after a Marquis of Anglesey for whom it was first made. This limb, though light and a fine example of the limb-maker's art, is not suitable for general use, being insufficiently strong for those who do heavy work, or are embarrassed by the cost of frequent repair bills, but it still retains a place amongst the limbs of the present day despite its antiquity.
Passing on from the ideal stump, we must now consider the type of limb supplied for stumps which do not fall within that category.
To commence with I would take the stump which, irrespective of length, is for some surgical or possibly mental reason on the part of the patient, unable to control either of the types mentioned without some additional support of a mechanical nature, is to say, support given in order to ensure firmer attachment between the stump and the trunk. This support may be given by one of the various types of pelvic band, from which just the amount of support best suited to the patient can be selected. Here I must emphasize that it is better not to over-support patient, for in that case the patient will not endeavour to develop his own muscular powers as he can do when he gains confidence, in cases where development is possible. The double swivel band has been referred to as giving support in a third degree.
Next, we the rigid band connected to the socket by means of male and female steels giving movement of flexion and extension only. This type gives the greatest support, and indications for its use should be clear.
The next type is one in which a lateral abduction joint is inserted in the male steel, and this, as its name implies, permits of a certain amount of lateral movement in addition to flexion and extension. Next we have the joint, the male steel of which consists of a spiral coiled spring, giving still greater range of movement; the greater the range of movement the less the support.
In one type a ball-and-socket joint at the top of the male steel provides rotation and lateral abduction.
Another type is represented by what is called "security belt," containing no metal parts; this is a recent invention and now on trial. No rule can be laid down as to which type is best; the surgeon must be guided by the individual characteristics of the case. The length of the stump is of little importance, except that when dealing with very short stumps the indications are obvious.
The deciding factors are the nature of the stump and the mentality of the patient, muscularity, freedom from redundant tissue, absence of interference with the normal movements of the hip, the presence of p)ainful and irremovable neuromata or scars.
A realization of exactly what the stump is called upon to do may help in tlhe decision when the niature of a particular stump is known, as it can be best known only to the operating surgeon.
With the patient standing at attention, the stump must be braced back to the back of the socket to prevent the knee shooting or giving way, the stump must also be braced to prevent adduction or abduction of the limb. In taking a pace, the stump must lift the limb and flex the knee at the same time, retaining the limb under the patient. When the artificial foot touches the ground the stump must again brace back to the back of the socket and retain the vertical position of the limb. These essential functions demand muscular power and, in the early days of limb-wearing, concentration on the part of the patient.
The mentality of the patient should not be neglected, since it sometimes decides the type of band required. Though length of stump is by no means all important as already mentioned, it can be stated as a matter of interest that in some thousands of cases the average length of stump fitted with a full rigid band at Roehampton is seven inches. The average stump fitted with the double swivel band is ten inches and three-quarters, and the shortest fitted with this type of band is six inches. This may appear paradoxical since it has been stated that a stump of from ten to twelve inches requires no support at all, but the double swivel band in such ideal stumps is given for reasons of suspension and control mainly, or to free the shoulders from braces or on account of some chest condition necessitating freedom of the chest.
We must next consider the case of stumps which, for various reasons, cannot control or actuate an above-knee limb at all even with support, which brings us to a consideration of the "tilting table leg." This leg was primarily designed for patients who have suffered excision at the hip-joint, and it must also be used for amputations through the neck of the femur, at the level of the lesser trochanter, or an inch or so below that level. The difficulty with regard to prescribing this limb begins when dealing with stumps which do not fall within the above categories. It is the heaviest, most cumibersome and most tiring limb of all. The surgeon should do all he can to avoid condemning a patient to wear a limb walking with which necessitates swinging it from the pelvis. Except for the socket and upper portion of the thigh, this limb is mechanically similar in design and controls to other above-knee limbs, and is made of metal or wood, though wood should never be used now if it can be avoided. The socket may be of metal, leather or certalmid, and is made from a cast of the stump. When there is any movable stump, the cast is taken with the stump at 90°flexion. If a stump is long, the bulk of the socket will therefore be appreciated.
In border-line cases the selection of the limb is most important, as a faulty selection may not only cause harm to the patient's stump and future prospects of walking, but may also embarrass him financially. Cases of this type should be dealt with from the point of view of excluding all possibility of a successful fitting with an ordinary above-knee limb. Firstly, what is the available length of stump -which for this purpose should be measured from the perineum? A stump of good lngth is of little use if it is of an adipose nature, whereas a shorter stump poorly covered and conical presents better prospects of an above-knee fitting. Secondly, there is, the question of muscular power, absence of which will contra-indicate the use of the above-knee type and necessitate a " tilting table." Thirdly, movements at the hip-joint should be full and free; a very slight degree of flexion or abduction does not always preclude the above-knee fitting, but it does demand the services of a fitter of the highest ability, and co-operation on the patient's part.
Circulation.-Fortunately with short stumps we are rarely if ever troubled with lifficulties in this respect, and defective circulation is a rarity. Nerve supply must be normal if an above-knee limb is to be provided for a short stump; anaesthetic and hyperasthetic areas prohibit anything but a " tilting table."
Neuromata may cause trouble, and the policy of removing them in this or other types of cases is a debatable one.
In our experience we have found that the practice of removing indiscriminately, any or all neuromata of which the patient may complain, is by no means a sound one. In a number of cases there is no doubt whatever that the operation has set up a traumatic neuritis and the last state of the patient is worse than the first. Whenever possible, neuromata should be treated by special fitting to avoid pressure rather than bv operation. In the case of short above-knee stumps, however, when the necessity for a tilting table may be under consideration, the question of removing neuromata should receive serious consideration, if by doing so an above knee fitting is likely to be rendered possible.
In one of several cases we have had in which the patients have been troubled with neuromata in long above-knee stumps, as soon as the original neuromata were removed, new ones appeared higher up; these in turn were removed, and finally the great sciatic nerve was evulsed, leaving a flail stump over which the patient had no control. The patient could not wear an ordinary aboveknee limb, nor could he wear a " tilting table " owing to the length of the stump. In such a case it would have been better had the stump been re-amputated at the level of the lesser trochanter or higher at the time of the last operation, to enable a tilting table to be worn. These cases are few and extreme, but serve to illustrate several points. Severe scarring in the neighbourhood of the tuber ischii often necessitates the supply of a tilting table in stumps otherwise normal. Some patients are of such poor physique or in such a debilitated state that they cannot stand the strain of a tilting table articulated leg in the early days of their limb wearing. For these an all-metal tilting table peg leg can frequently be supplied. This is much lighter, and the patient can get about very well with it until his general condition has improved sufficiently to permit of a fully articulated leg being supplied.
From records of several hundred cases in which the patients could not wear any other type of limb than the tilting table, it is found that the average stump length is 41 in., and the longest stump fitted with this limb was 6 in. from the trochanter.
Passing on from a consideration of short above-knee stumps there are several points regarding the long stumps to which I must call attention.
There was a tendency at one time which still persists in some (luarters, to conserve as much as possible of the limb when amputating, and to remove only so much as is strictly necessary for purely surgical reasons at the time of the operation.
By sacrificing a few inches of bone at the time, one can give the patient a troublefree stump and, subsequently, a limb with which he can walk better and in greater comfort. There are surgical and mechanical objections to a very long above-knee stump.
A stump longer than 10 or 12 in. from the trochanter is likely to fall within that group which are more liable than any others to circulatary troubles, which after a greater or lesser number of years render re-amputation essential. The number of these long stumps is gradually but surely being reduced by re-amputation.
Mechanically, a long stump will often foul the knee-control mechanism, rendering a different and less efficient control necessary, or alternatively, it is necessary to lengthen the thigh portion of the limb and shorten the shin, producing unsightliness when sitting and upsetting the balance of the limb. Unsightliness may not, in view of some, be important, but amput6s almost without exception pay great attention to the aesthetic side and object to their disability being called attention to. The upsetting of balance is, however, an important factor.
At one time amputations around the knee-joint were popular and still are in some degree, such as Stephen Smith's, Carden's, Gritti's and Stokes-Gritti's, performed possibly on the general principle of conservation of tissue but also with a view to producing an end-bearing stump. The number of cases able to take end-bearing nowadays is infinitesimal, and it is found that stumps do not do well when taking weight upon surfaces upon which they were not designed to do so by nature, at least so far as taking of the body weight upon the cut end of a bone is concerned. In limb fitting practice the weight is taken either on the tuber ischii or on the bearing surfaces of the tibia and fibula.
Stokes-Gritti's operation is still favoured in some quarters, but from our point of view it is very unsatisfactory. Apart from being susceptible to circulatory troubles as are all long stumps, the patella is rarely found in the correct position as placed at the time of operation. It is found floating at the extremity of the stump, and often seen lying on the anterior surface of the femur two or three inches above the extremity. This may be due to the patient being fitted too soon after the amputation or possibly to bad fitting. There may be other causes.
For these amputations in the neighbourhood of the knee-joint we supply what is called the "through-knees" limb, the socket of which must be of leather, blocked to a cast of the stump and laced to the thigh. The knee-joints are placed externally of necessity. The fit is usually tuber-bearing, the bulk of the weight being taken at this site. The limb is heavy and rather cumbersome and hot to wear. Briefly, we have found from experience that, when a surgeon has a choice within reasonable limits, an amputation performed to remove the lower end of the femur never less than 4 in. above the adductor tubercle, gives the most satisfactory stump and the possibility of supplying the best type of limb.
I now come to a consideration of below-knee stumps, the ideal length of which is 7 in. from the articular line of the knee-joint.
The old site of election of 4 in., or a hand's-breadth, below the knee served its purpose well at a time before artificial limbs had reached anything approaching their present position, since it was the custom for the patient to walk on the " Chelsea peg," with his 4-in. stump flexed in a knee-cup.
The limb supplied for the ideal below-knee stump consists of a corset of soft leather, side steels with ball-bearing joints, a socket of leather or wood, the remainder of the limb being constructed of either metal or willow. If the socket is of wood, it is pulled out by hand to measurements of the stump, but if of leather it is blocked to a cast of the stump. An " Anglesey " limb is also available for this amputation, having the tenons and mortice joint at the ankle and either short or long tendons, the latter being attached to the knee-joints. In either case, shoulder suspenders or a belt are required to suspend the limb. The patient takes all his weight upon his stump, but not upon the end of it, the bearing surfaces being the anterior tubercle of the tibia, the inner head of the tibia and the head of the fibula. The corset takes no weight and is merely for support and maintenance of the position of the limb.
There are many stumps, however, which are unable to take weight in this wav, alternative methods of fitting being necessary in order to relieve weight from the stump, either partially or entirely, as the condition of the stump may require. Weight can be relieved partially from the stump by means of substituting a stiff blocked leather corset in place of the soft one; this corset will require to be longer than the usual type. By means of a full tuber-bearing corset the patient can be made to take all his weight off the stump. Needless to say either of these types renders the limb heavier, for which reason every effort-is made to fit the patient with the simpler and lighter type.
Certain conditions prevent anything but a tuber-bearing limb, such as a predisposition to recurring attacks of acute bursitis, adherent and keloidal scars which become dragged upon, neuromata of a painful nature which cannot be overcome by the usual fitting. Anaesthetic or hyperaesthetic areas following some sciatic lesion render a tuber-bearing limb essential, as also does circulatory disturbance at the extremity of the stump. This latter is met with in long stumps and, when once established, usually ends in a re-amputation to the more favourable length in spite of some temporary comfort the patient may derive from the tuber-bearing corset. In above-knee limbs the metal limb is always the lighter, but in the below-knee types no advantage is gained through weight alone between the metal and the wood limb, the latter being, if anything, slightly lighter in gross weight. I am referring, of course, to the most modern type of willow limb, which in its simple form weighs, on an average, from 3 lb. 14 oz. to 4 lb. 4 oz.
When discussing above-knee stumps it was stated that there were certain stumps for which the ordinary above-knee limb was unsuitable, and which necessitated a tilting table leg; we have an analogy here, since below-knee stumps which cannot be fitted with either of the types mentioned must be given what is called the "kneeling leg."
In this type, the leather socket is made from a cast taken with the stump flexed on the knee at a right angle, producing an unsightly and cumbersome limb. Apart from the projection backwards of the lower part of the socket the limb is similar to the through-knee limb. Practically the same surgical conditions which, in the case of the above-knee stump, necessitate the tilting table leg, in the case of the below-knee leg demand the kneeling leg and I need not recapitulate them. Only one point I would call attention to, and that is that surprisingly short below-knee stumps can and do, when well fitted, actuate and wear comfortably below-knee limbs; those which do may, however, be regarded as successful experiments. A helpful guide as to the available length of stump for controlling a below-knee limb is obtained by placing the flat of the hand against the posterior border of the stump so that the upper margin of the hand lies at the level of the knee-joint. Flex the knee fully and it will readily be seen how much stump is left or likely to be left within a socket.
I now come to Syme's amputation which is so popular with the majority and so strongly condemned by those of us who are closely connected with fitting the stump. Some of what I have stated and much of what I am about to say may, I am well aware, be regarded as heresy, but it is an honest conviction based on experience gained during the past nine years during which time I have done nothing but deal with amputation stumps and the fitting of limbs to them. The Syme stump is considered desirable because the patient can take weight on it, and is of advantage also in that he can stump about his home, if he wishes, without wearing the limb. I have little to say against either of these points so long as the stump remains in that favourable condition, from the surgical viewpoint.
But take the mechanical aspect. The Syme limb is heavier in proportion to the amount of natural limb it is replacing than any other artificial limb, relatively speaking. The amount of power exerted by this stump is so great that great strength is needed in the limb mechanism, accounting for the weight. The clearance between the stump end and the ground is so small that there is no room for a really satisfactory ankle mechanism. The bulbous extremity is such that a bulky appearance in a greater or lesser degree is unavoidable.
Returning to the surgical aspect alone: so long as the patient can take weight on the end, well and good, but if for any reason, weight cannot be taken there, the Syme, as a Syme, fails entirely, since that is its only advantage. The main point is, how long does a Syme remain good? and how long can a patient continue to take weight on the end ? If the Syme stump remained sound for as long as the stumps I have described as ideal, I should have nothing against it but the mechanical objection.
Before enumerating briefly the defects to which a Syme is particularly liable and which result in re-amputation, I must emphasize the fact that when the patient can no longer take weight where he should, the various alternatives in fitting have to be tried. Firstly he must take weight as if there were a below-knee amputation, next he may have to have side steels and thigh corset added, then the corset may have to be of blocked leather, and finally may have to be full tuber-bearing, the weight of the last apparatus being greater than a limb which is supplied for a short thigh stump.
It would seem that, roughly speaking, ten years is about the average life of a Syme, as a Syme, that is to say that for ten years the patient is able to get about with or without difficulty on one or other of the fittings described, but that after that time re-amputation is performed. The number of old Symes left is dwindling gradually as re-amputations are performed and never yet have I found a case once a Syme's, and now re-amputated and fitted with a normal below-knee limb, in which the patient has not been thankful for the change. The objection to this stump and the defects to which it is liable are very briefly these: The density of the tissues covering the os calcis and transplanted to the end of the stump should be theoretically ideal for the purposes of forming a pad or end bearing. Actually, however, their very suitability is the main cause of their failure. The pad so formed does not retain its position in many cases, but becomes forced laterally, so that the weight is taken on the side. This can be temporarily corrected by fitting, but the correction is rarely permanent. The Syme stump appears, if anything, more liable to circulatory troubles than any other long stump, the extremity becoming blue, cold and painful. It is subject to neuromata as other stumps are; these neuromata are rarely palpable, being almost pin-head in size, but they are extremely painful. Operations for these may do good but they leave scars which interfere with subsequent fitting. The amputation scar, being anterior and transverse, is liable to be dragged upon and is so greatly affected that ulceration of the scar results. Frequently the scar is keloidal and painful, p)iston action of the stump in the socket aggravating the condition; this alone has often prohibited end-bearing. The formation of callosities is practically certain, sooner or later, and may appear either in a transverse line beneath the anterior scar or on the bearing surface. Many of these become very troublesome and painful, and, when in the latter situation, preclude end-bearing unless operative interference is attempted, but this, though possibly curing the condition, will in itself involve a new type fitting. Cases of ulceration supervening are by no means uncommon. Periostitis of the anterior border of the tibia is a very common condition and causes painful symptoms; a method of fitting bas been designed to overcome this, hiowever, but is not, unfortunately, always utilized.
Skiagrams have been taken of a series of Syme's stumnps, and though many show rarefaction of bone in the lower third of the tibia and the fibula, it is noticeable that the rarefaction is excessive in cases in which the patients complain of otherwise unaccountable symptoms.
I must mention that to overcome the objection of weight, an all-metal Syme's limb has been produced, but the results are very disappointing, the fitting difficulties being such as to render its general use impossible at the moment.
Amongst the many typ)es of limbs of a special nature with which I have not had time to deal I must mention two. The first is an above-knee limb known as the suction socket limb. This limb is held on partly by suction and partly by the stump's action against a series of partial or complete spiral grooves in the upper portion of the socket. In a number of cases this has proved very successful, and in such the fact that no harness or shoulder suspension is required is of great advantage to the wearer. Many, on the other hand, have not proved successful, having a deleterious effect on the stump. The limb is still on trial with a view to discovering whether it is likely to become of general utility.
The second is a below-knee limb, the new method of fitting of which renders side steels and corset, as generally understood, quite unnecessary. This enables the patient to have a limb weighing only two pounds, freedom from constriction of the thigh, and no shoulder or pelvic suspension. It is necessary, however, that the stump should be capable of taking full weight. This limb also is in the trial stage, and it is too early to express any opinion as to its general application or utility.
We now come to the final phase of limb fitting, one which may be considered as important as any other if not more important, and that is the examination of the new limb as worn for the first tirne by the patient.
A small volume might well be written on this aspect of the subject, and I can only touch on some of the points here. I am merely expressing an opinion, which may be wrong, but I feel that the surgeon's responsibility towards the patient has not ceased when he sends him, with or without a prescription, to the limb maker. It is not sufficient to note that the patient appears to walk satisfactorily. The case requires examination to discover whether the limb is suitable for the patient, whether it has been correctly fitted and correctly aligned, and whether the fitting is in accordance with the surgical needs of the case. If such an examination is not made a great responsibility is being thrown upon the maker which it is not right that he should bear. We are none of us infallible, but the maker, in spite of his experience, has not the detailed anatomical or surgical knowledge which can be employed in the interests of the patient. There are many patients wearing limbs which reflect credit neither upon the surgeon nor the maker, a misfortune which would be avoided by co-operation between the two. The patient may say he is comfortable, but he cannot know what is best for his stump there may be good reasons for supposing that the comfort is only temporary.
His ability to walk correctly should be tested. He may require instructions; some he undoubtedly gets from the maker, but the amount depends upon variolus circumstances. The fitting should be checked to see that he really is taking his weight where and as required. The height of the limb should be checked, by placing the thumbs horizontally beneath the anterior iliac spines, having ascertained and allowed for any pelvic tilting. For a Syme's the patient should be level. For belowknees there should be one-quarter to one-balf an inch shortening on the amputated side; for throughand above-knees a thumb's breadth shortening. Deviations from this may be permitted to a slight degree to allow for the conditions of the country in which the patient lives, hilly districts requiring more shortening than flat. Excess of either may produce lumbar curvature, and it is frequently necessary in the patient's interests to resist to some degree his own wishes in the matter.
When pelvic bands are worn the band should lie horizontally round the pelvis, and not be drawn up posteriorly, as one so often sees. The top border of the band should come just beneath the iliac crest anteriorly.
In rigid type bands the centre of the main screw of the hip-joint should be one quarter of an inch in front of the highest point of the great trochanter and at the same horizontal level, this representing the central axis of the natural hip-joint.
Deviations from this will cause an internal or external rotation of the limb when walking, and the stump will tend to work against the limb.
It should be noted that in walking the limb swings properly beneath the patient, and does not describe an arc of a circle. In sitting there should be no adduetion with internal rotation of the thigh portion as is seen sometimes in tilting tables, and which indicates either that the patient has not adjusted the limb properly, or that the artificial joints are in incorrect alignment. In below-knee limbs the swing of the leg should be noted; there should be no rotation at the joints. The alignment of the steels should be such on the corset that, when sitting, the stump is not drawn out of the socket. These are but a very few points, the others can only be demonstrated, as it is most difficult to explain them in words.
Finally, in the world of prosthesis, as in other branches of our science, there is continual progress. Some excellent publications have appeared on the subject, but it has been difficult by literature to keep pace with the various changes. Such knowledge as we have is empirical, and is handed on by word of mouth to a great extent, since the subject is not yet stabilized.
Captain A. Rowatt Maxwell: Much of what we have already heard concerning amputations of the lower limbs and the problem of finding an efficient prosthesis from both a surgical and mechanical aspect, applies equally to the upper extremity. Owing, however, to their obvious natural differences in form and function, there must of necessity be certain surgical and mechanical variations between them, and when we discuss them from the prosthetic point of view it is advisable to consider them separately.
In the science of artificial limb fitting it is axiomatic that the task of providing an artificial substitute for an amputation of the upper extremity is an infinitely more difficult proposition than that of supplying a prosthesis for an amputation of the lower limb. The reasons are obvious. The arm and hand constitute a much more refined and complicated piece of mechanism than that of the leg and foot. The requirements of the latter are principally locomotion and weight bearing, while those of the forearm include flexion, extension, abduction, adduction, pronation and supination, and, greatest of all-the ability to grip. When we consider this organ of prehension-so delicate in anatomical design, so refined and perfect in coordination of muscle and nerve-is it any wonder that, so far, we have failed to evolve by mechanical means an efficient artificial substitute for the loss of it ? What then can we do by artificial substitutes to help make good this well-nigh irreparable loss ?
The Classification of Prosthesis for Amputations of the Upper Extremity.-Artificial substitutes, like those for the lower limb, are classified for amputations of the upper extremity. The classification is as follows: (ii) For short and long upper arm stumps.
(e) For disarticulation of the elbow-joint.
(f) For short and long forearm stumps.
(g) For disarticulation of the wrist-joint.
(ht) For amputations of the carpo-metacarpal joints including even amputations of the digits.
In so wide a range of substitutes it must be evident that, from the point of view of practical utility, these artificial appliances are not of equal value.
Stumps of the Upper Extremity which may be regarded as Ideal for the Wearing of an Artificial Prosthesis.-My personal knowledge of this subject covers a period of more than thirty years, twelve of which have been spent at Queen Mary's Hospital at Roehampton, during which about ten thousand arm amputes have passed through my hands. In expressing what in my opinion is an ideal stump for the wearing of an artificial prosthesis, it should be clearly understood that I do so principally from the limb-fitting point of view. An ideal stump should embody all those features that go towards making the wearing of an artificial limb not only possible but also successful. In other words, if the operating surgeon is to do the best for his patient, he should amputate with a view to the distinctive type of prosthesis with which the stump can be most perfectly fitted. This obviously presupposes on the part of the surgeon some knowledge of the various types of artificial limbs that are available. The acquisition of this knowledge will make the task of those who are responsible for the mechanical construction and fitting of the limb considerably less difficult, and in addition, if I may be allowed to say so, fewer re-amputations will be necessary.
There are three aspects of this great question of limb-fitting: (1) surgical, (2) mechanical, and (3) psychological. These cannot be divorced, hence the need for the closest co-operation between the surgeon who amputates and the persons who supervise the mechanical construction of the prosthesis and the accurate fitting of the same to the stump. It is no exaggeration to say that the results of such co-operation at Roehampton, and at our other limb-fitting hospitals, are proving of incalculable benefit to all concerned. It is also gratifying to know that in some of our civilian hospitals, doctors working for the Fellowship Diploma are being instructed in the various designs of these prosthetic appliances. This augurs well for the future, for, with the ever-increasing mechanization of modern industry, amputations of both extremities amongst civilian cases are steadily on the increase.
The Ideal Site of Election for Amputations of the Upper Extremity.-In amputations of the upper extremity, with which I am specially concerned, all things being equal, the ideal stump from the prosthetic point of view should be from 7 in. to 8 in. in length from the tip of the acromion process or, at least, 2 in. above the epicondyle, with equal anterior and posterior flaps, producing a transverse terminal scar.
From the limb-fitting point of view, the position of the scar in all amputations of the upper extremity is of paramount importance, and differs in some respects from the position desired in amputations of the lower limb. In the wearing of an artificial arm, particularly one designed for manual labour, the question of leverage and pressure plays an important part. At times the artificial limb is required to lift heavy loads; at other times considerable downward pressure has to be exerted. It will be readily seen, therefore, that the position of the scar must be situated neither anteriorly nor posteriorly, for, if it is, it will become subjected to considerable irritation, which is good neither for the scar tissue nor for the patient's comfort. Apart from the position of the scar, the ideal upper-arm stump should possess all those features that have been mentioned with regard to amputations of the lower limb.
For this ideal upper-arm stump several types of artificial limbs are available:
(a) a strong working arm for manual labour; (b) a light worker's arm for sedentary occupations; and (c) for purely mesthetic purposes, a light dress arm.
The material from which the sockets are manufactured may be of metal, leather, wood, or a composition known as certalmid. The mechanism by which the arm is flexed, extended and locked varies in design. They are all constructed, however, to give the same results. In the production of artificial arms, standardization is impossible. Each has to be constructed individually in order to meet the special and peculiar requirements of the case.
The Ideal Stump for the Below-Elbowv Amputation.-The ideal length of stump for amputations of the forearm should be not less than 6 in. and not more than 7 in. from the tip of the olecranon process. The scars, flaps, and other surgical features already mentioned in connection with the amputation of the upper arm apply equally to the below-elbow stump. For amputations below the elbow many excellent artificial substitutes are available and, when satisfactorily fitted, the forearm amputW can perform certain kinds of manual labour with a dexterity that equals that of many a two-armed man. Some DTficult Types of Stumps to Fit.-Let me now indicate to you some sites of amputations of the upper extremity which, from the limb-fitting point of view, cannot be regarded as ideal, but which may nevertheless be provided with an artificial substitute: (1) The forequarter amputation.
(2) Disarticulation of the shoulderjoint.
(3) Through-shoulder amputation. r(4) The short upper arm. (5) The disarticulation of the elbow-joint. (6) The short forearm. (7) The disarticulation of the wrist-joint.
(1) and (2). Apart from the forequarter amputation, of which happily we have very few (yet even some of these have been successfully fitted with a light type of prosthesis which conceals their disability), the disarticulation of the shoulder-joint is one that is very difficult to fit with an artificial limb, yet many of these cases have been satisfactorily fitted and have given astonishingly good results. To obtain good results, however, the following surgical features should be present. The position of the scar should be neither anterior nor posterior but vertically in the middle of the sub-acromial cavity. The axillary nerves should be free from pain, and the wall of the chest where the pressure of the moulded shoulder-cap is taken should be free from aniy condition likely to cause excoriation. The prosthesis for this amputation consists of a specially constructed protective cap covering the upper portion of the shoulder, including the clavicle anteriorly, and the spine of the scapula posteriorly. To this moulded shoulder-cap is attached, by means of a swivel-joint, the upper arm socket. The rest of the prosthesis includes the elbow-joint or side steels, and the elbow-locking mechanism, together with the forearm and hand. The whole of the prosthesis is secured to the body by means of leather or webbing appendages and thongs, giving automatic flexion, extension and locking. There is, I know, considerable prejudice against supplying an artificial limb for disarticulations of the shoulder-joint, but, where surgical conditions are favourable and the patient is willing and has the grit to try, much more can be done for this type of amputation than is at first apparent.
(3) Amputations through the shoulder, where the neck of the humeruts is intact, are much more easily fitted wvith an artificial sutbstitutte than are disarticulations of the shoulder joint.
(4) The Short Upper-arm Stump.--The short upper-arm stump includes those cases in which the length of available humerus is about 4 in. or less from the tip of the acromion process. This is not long enough without a modified shoulder-cap to control the ordinary upper-arm prosthesis. Sometimes, however, these short upperarm stumps have been slightly improved by surgical interference, i.e., by dividing the pectoralis major, the latissimus dorsi and the teres major. It has thus been possible to utilize the axilla and secure an increased measure of leverage and control over the prosthesis. Such an operation is only advised when the ampute insists on the wearing of an artificial limb but is prejudiced against one of the through-shoulder type, and also where there is some degree of certainty that the stump can be lengthened by at least one inch.
(5) The Through-elbow Type.-From what I have said regarding the site of amputations for the upper extremity, namely, that the available length of stump should be sufficient to give adequate security and control over the l)rosthesis, it would appear that the longer the stump, the greater will be the security and control thus desired. Yet, paradoxical though it may seem, we now come to consider one of those sites of amputation where this rule, from the limb-fitting point of view, is best observed in the breach. I refer to what is known as the through-elbow amputation, or disarticulation of the elbow-joint. The difficulties here, unlike those connected with the short upper-arm stump, are both surgical and mechanical. The surgical difficulties are adherent scar tissue, malnutrition of the skin and bony prominences. These, together with the mechanical disadvantages of an awkward, unsightly and ill-fitting prosthesis, predispose the stump to inflammatory processes and impaired vascularity, producing a cyanotic condition, and frequently necessitating a re-amputation. The type of prosthesis for this amputation is, in my opinion, mechanically the weakest and most unsatisfactory of all; not only is the socket unsightly because it has to accommodate the bulbous end of the stump, but the axis of the side steels have to be fixed at a level lower than that of the natural elbowjoint. The fixation of the elbow lock is lateral instead of being central and the awkward protuberance of the lower end of the socket makes it difficult to get the best use of the forearm when flexed at right angles. For this and many other reasons I am of opinion that through-elbow amputations or disarticulation of the elbow-joint are undesirable. As has already been pointed out, from the limb-fitting point of view, the ideal site of election is at least 2 in. above the epicondyle. Amputation at this site will preclude any possibility of the lower end of the stump fouling the elbow spindle, and will permit of the elbow mechanism, which gives automatic locking and flexion, being internally housed at the lower end of the socket, thereby giving greater mechanical strength and efficiency to the prosthesis as a whole.
(6) The Very Short Forearmni Stump.-Let us now consider what is perhaps the most difficult and debatable of all sites of amputations of the upper extremity, from the prosthetic point of view. I refer to the very short forearm stump. It is here perhaps more than at any other site that I differ from my colleagues. Many surgeons regard, as practically useless. from the point of view of the fitting of an artificial prothesis, anything less than 3 in. of the ulna, yet in many cases in which the available length of stump has been less than 3 in. from the tip of the olecranon process giving not more than 2 in. anteriorly, we have been successful in fitting such stumps with a special type of prostbesis which has proved eminently useful. Of course, where the length of stump is not sufficient to control the artificial limb and secure it comfortably in the socket, then it is preferable to amputate higher up, at least 2 in. above the epicondyle. Where, however, security and control of the limb are at all possible, then be the length of the stump ever so small, its preservation is of the utmost importance. My own amputation stump is well within the 3-in. limit with not more than 2 in. anteriorly to control the socket, yet there is very little in the nature of manual labour-such as ploughing, digging, shovelling, wheeling, and the using of tools required for metal and wood work-which I am unable to perform. When you realize the vast source of energy locked up in these short ferearm stumps due to the insertion of the biceps, triceps and brachialis anticus, together with a matchless automatic fulcrum or back stop, where the upper end of the ulna butts up against the lower end of the humerus. which prevents the whole forearm, when fully extended, from bending backwards, you will readily appreciate how the conservation of such energy, where it is at all possible, is of the utmost value. The special type of prosthesis for manual labour which I recommend for these cases consist of an inner cup socket housed in a blocked leather socket which terminates immediately below the lower end of the stump, together with a metal rotary sector into which mechanical appliances can be fitted, a type of prosthesis which I designed for my own amputation in 1916 while serving with the troops in France. This type of prosthesis is best secured to the stump by means of a Williams soft leather corset anteriorly and posteriorly laced above the condyles. For manual labour this type of prosthesis is as efficient as anything yet designed, it is simple but exceedingly useful, extremely well secured and easily controlled by the stump. Dissecting the socket immediately below the stump, enables the wearer to use his appliance as near as possible to his own muscular motor power, thereby giving him the maximum amount of leverage and control. Here, as in other sites of amputations of the upper extremity, the success of the prosthesis necessitates those surgical conditions that are indispensable to what we designate a good stump: freedom from scar tissue, neuromata, bony grating between the radius and the ulna, and from defective musculature due to other surgical causes or higher nerve lesions which might produce anesthetic or hyperaesthetic conditions. Kineplastic Amputations.-Before considering the disarticulation of the wrist, I should like to mention at this juncture the operation popuilarly designated " kineplastic." I mention it here because, at one time, I was almost persuaded to have it done to my own short forearm stump. Indeed, most of the cases on which it was performed were somewhat similar to my own. True, many of them were stumps unlikely to make much, if any, use of a forearm prosthesis. Dr. Van Ghetty's idea was indeed a brilliant one, designed to utilize the muscles and tendons of the stump to operate the prostheses with which they were subsequently to be fitted. At the outset our hopes ran very high, and some of us believed that by svnthetically creating artificial muscle by the problem of prosthesis for the upper extremity would be solved. Unfortunately, those hopes were not realized, not so much because the surgical technique was unsuccessful, but probably because a satisfactory mechanical hand could not be evolved. The movement or excursion of the muscular clubs or tunnels, when harnessed to the mechanism for opening and closing the hand, was very limited and produced a very feeble grip, nothing like go powerful as that which is so easily obtained by the ordinary appendages when harnessed to the muscular mobility of the trunk. As far as I know, none of the 30 or more patients upon whose stumps the kineplastic operation was performed are using the prosthesis with which they were originally fitted. Most of them have had re-amputations above the condyles, and have been fitted successfully with the ordinary upper-arm substitute. During a visit to the limb-fitting centres on the Continent, I found that in France, Belgium, Germany, and Austria, experience of the kineplastic operation, from the prosthetic point of view, was no more successful than our own in this country. When I was discussing this subject with Professor Spiezy in Vienna, he agreed with me that, until a satisfactorv mechanical hand was evolved, no useful purpose would be served by continuing the operation.
(7) Disarticulation of the Wrist-joint.-It is not necessary to consider this at any great length. This operation has most of the disadvantages, both surgically and mechanically, that I have already mentioned in connection with amputations at the elbow-joint. One of the chief reasons, I presume, for performing this operation is in order that rotation at the wrist might be preserved. In these long forearm stumps, however, the movements of pronation and supination are the exception rather than the rule. Sometimes the loss is due to surgical causes, such as the union of the ends of the radius and the ulna, due to scar tissue or bony union. Frequently the loss of movement is due to the type of socket with which the stump is fitted, the socket fitting too tightly, thereby preventing rotation, or fitting too loosely, thereby allowing the stump to rotate within the socket. This type of amputation, from the limb-fitting point of view, is not desirable, not only because the lower end;of the stump frequently suffers from adherent scar tissue and malnutrition and takes unkindly to pressure, but also because the prosthesis is of an unsightly bulbous contour and on account of the rotary wrist piece being housed at the lower end, causing it to project 2 in. or 3 in. beyond that of the sound limb.
Note.-The only exception I would make in disarticulations at the wrist would be in the case of double-arm amputations in which the patients are remarkably successful with or without the use of appliances.
Mutilationts of the Hand.-The stumps beyond the carpo-metacarpal joints are also exceedingly difficult to fit with an artificial substitute. When there is freedom from tenderness and pain on pressure, it is possible to provide a prosthesis, but in most cases it is preferable not to issue an appliance, but to leave the stump as it is because any part of the end-retaining sensitivity is of infinitely greater value than the most perfect artificial appliance ever invented.
Mechanical Hands versus Appliances. -Lack of space prevents me from dealing adequately with the vital and vexed question as to whether mechanical hands are more useful than appliances for amputations of the upper extremity. After having tested most of the mnechanical hands in this country and studied the best of those available on the Continent, I have come to the conclusion that from the point of view of practical utility, appliances are superior to mechanical hands. The obvious weakness in most mechanical hands is their lack of power to grip. Most of them produce a feeble finger-and-thumb clasp, and even those designed to give a palm grip do so at the expense of immobilizing the wrist and thereby nullifying their usefulness.
Our experience goes to prove that plain hooks, split hooks, claw hooks, spade-andshovel grips and tool-holders of various designs are much more useful for manual labour than any of our mechanical hands.
The Value of Instrucetion in the Use of Artificial Arms and Appliances.-There are many interesting and important aspects of this subject with which, owing to lack of time, I have been unable to deal here. There is, however, one aspect upon which I must say something and with this I will conclude. I refer to its psychological side. When a man has the misfortune to lose his hand either through injury or disease, he is instinctively compensated with the prospect of being fitted with an artificial substitute, the possibilities of which he unwittingly over-rates. As soon, however, as he is fitted with his artificial limb, his whole mental attitude and outlook are changed and very often it is at this psychological moment that the success or failure of the appliance is decided. If he is discharged without some friendly, instruction in the use of his arm and appliances, the chances are that he will discard these appliances as soon as he reaches home. If, on the other hand, he can be taken aside by someone suffering from a disability similar to his own and with some practical knowledge of the utility of these appliances and given some instruction in the use of them, the chances are that he will make good use of them in his efforts to earn a livelihood. For many years now it has been my privilege to impart such instruction. In addition to the elementary exercises of flexion, extension, abduction, adduction, the movements required in gardening, wood and metal work are also taught. This instruction is essentially functional; it is simple but sound and invariably alters the patient's whole attitude from despair to hope. It gives him courage and confidence because it enables him to overcome the initial defects in connection with the wearing of his limb. In a social system where the race goes to the swift and the battle to the strong, the arm amput6 is heavily handicapped but, given a good stump and an efficient prosthesis, his handicap, if it cannot be altogether abolished, can be reduced sufficiently to put him back again on the pay roll.
Such then is a brief outline of a very difficult problem, namely, that of providing JULY-SURG. 3 * 13.25 91, -1326 Proceedings of the Boyal Society of Medicine 92 an efficient prosthesis for amputations of the upper extremity. It has a surgical side, a mechanical side and a psychological side and it is only when we work together in the closest co-operation that any measure of success will be reached. The problem is by no means solved, but it is considerably less difficult than it was twelve years ago.
